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CONFIGURATIONS OF hN ISACA s[IBMwGH) AIR 

By N o m  J. Martin and Curt A. Holehauser 

An investigation of an NACA submerged air   in taks  was conducted 011 
a full+cale -1 of a fighte-gpe airplane. This study was made t o  
determine the  large-male aerodynamic characteristics of a submerged 
air Fntake proposed as  the  result of smll-scale t e s t s  and t o  compare 
the pressurmcovery  characteristics of the larg- and small-scale 
instal la t iom. Additional tests were =de t o  d e t e e  the  effect 
on .pressure  recovery of a systematic  variation of ramp divergence. 

%e data obtained a t  various angles ok attack and inlet-velocfty 
ra t ios  indicated  the s a m  favorable  characteristics f o r  the inlet that 
have been  noted at smll scale. W maxFmum values of entrance  pressure 
recovery were high (92 percent f o r  the fUll”sca1e inlet  without 
deflectors), and the  variation of pressure  recovery  with  angle of attack 
and inlet-velocity r a t i o  was small. Pressure  recoveries msasured with 
the full-scale model were approximately 5 percent higher than  those 
measured with the smll-scale model. It is shown that differences of 
boundary4a.y-m thickness  could  account for  3 percent of th i s  amaunt - 

The t e s t s  in which the amount of ramp divergence was systemstically 
varied Fndicated that varying the ramp divergence had only a s a l  
effect on the mgnitude of the nsxlmum pressure  recovery measured a t  
the  entrance,  but markedly cknged  the  inlet-velocity  ratio  for mximum 
recovery. This change of inletr.pelocity ratio resulted in higher  mxi- 
mum pressure  recoveries  after  diffusion fo r  the  curved-divergent ramps 
than for  the  parallel-lled m. 

An analysis of the data indicated that the use of deflectors on 
th i s  model was not advantageous; the  effect of an increased  pressure 
recovery  being outweighed by the  external drag increment. 

INTRODUCTION 

The perforntance of a  jet-powered o r  jet-ssisted  airplane depenib 

UNCLASSIFIED 
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upon the efficiency  attained in supplying; afr to the Jet engine. .I 

Several types of inlets are capable of efficiently supplying air to 
a jet  engine  but have one or more of  the  following  disadvantages: 

1. A ducting  system  which  severely  handicaps  the  internal 
arrangement of the  atrplane 

2. Urge e x t e r n a l  drag incrementa 

3. Insufficient area to handle the large quantities of air 
required for jet  engines 

In an effort  to  overcome  these  disadvantages  with a minimum 
sacrifice of efficiency,  submerged  inlets  were  developed,  and the 
results of experimental  investigations of these  FnLete  are  presented 
in  references 1 and 2. These references show the  result6 of varying 
the many design  parameters of aclCA submerged fnlets and the  use of 
these results in design  procedure.  These results vere  obtained  at - 

small scale  using a submerge$  entrance  installed.  in one of the walla 
of a small w i n d 4 u n n e l  test  section. A need  for  hvastigation of 
such  inlets  at large scale waa apparent.  Presented hereFn are the 
results of an investigation of the desfgn  parameters st large  scale 
of an NACA submerged  inlet  installed on a model of a fighter-type 
airplane in the Ames 4” by &foot wind tunnel. The scope of the 
present  investigation  included  the  determination  of  the  pressure- 
recovery  characteristics of this  eubmerged installation  and  the 

small-scale  tests of a similar  air  intake. In addition,  tests  were 
made to  determine  the  effect on pressure recovery of a systematic 
variation of ramp divergence.  Pressure-dietribution measurements 
were also made from which  critical  Mach nmibers of the  various 
configurations were predicted. 

.comparison of‘ them characteristics  with  results  obtained from 
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SYMBOLS 

angle of  attack  referred t o  fuselage  center line, degrees 

velocity of sound, feet  per  second 

duct  area, square feet 
. -  

duct depth, inch+ 

drag coef f ic lent (3) 
change in drag coefficient 

‘.L 

. 
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H t o t a l  pressure [p + q (ly) 1 , pounds jper square  foot 

AE loss in t o t a l  pressure, pounds per square foot 

D drag of siqlans, pounds 

M Mach m e r  (V/s) 

m m&ss flow through duct (pAV) , slugs per second 

P s t a t i c  pressure, pounds per square foot 

P pressure  coefficient 

P mass density of air, slugs per cubic  foot 

P dpmnic pressure , pound per e q w e  foot 

(v) 
S wing area, square fee t  

' V  velocity,  feet per second 

X duct width, inches 

Y distance above fuselage  surface,  inches 

2 ramp width at beginning of' ramp, inches 

s boundary-hyer thiclmees  (distemce from the fuselsge where the 
velocity dif'fere by 1 percent from the ouhr  veloci ty  a t  that 
station),  inches 

s raIq divergence [ (1 - bi;) X 1001 , percent 

Subscripts 

0 ffee stream 

1 ' duct  entrance  (duct station 1) 

o r  c r i t i ca l  
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Parameters 
.. . 

H-Po 
=,-Po 

ranrrecovery rat io 
. "" 

.. 

L inlet-velocity rat io 
VO 

'?D internal duct efficiency 

The submerged entrance was located in one side of a full-cale 
model of a jet-propelled fighter airplane. The center of the s u b  
merged entrance was located 16 percent of the wing root chord 
forward and 21 percent of the w i n g  root chord above the leading edge 
of the -elage juncture. A general view of the model  mounted 
in  the  tunnel is shown in figure 1. A schematic drawing showing the 
general arrangements, imtrumsntktion, and principal dimensions is 
presented in  figure 2. Fuselage nose coordi+tes  are  presented in 
figure 3. 

The geometrical characteristics of the submerged-entrance 
configurations  are shown i n  figures 4, 5,  6 ,  and 7. These character  
i s t i c s  can be defined by means of the  following five parameters: 

1. Width-tdepth r a t i o  - the  ratio of duct entrance width t o  
entrance  depth 

2. Lip shqm - the  profile of the entrance l i p  

3. Distribution of ramp ehape - the  variation,  with  percent 
r a q  length, of the nondimensional ordinates  defining 
the ramp plan form 

4. Ramp angle - the angle between the floor  of-the ramp and 
the  extension of the  fuselage contour line 

5. Ramp divergence - a function of the  ratio of the ramp 
width at the beginning of the ramp t o  the wldth of the 
duct entrance [ ( 1 - A) X loo], percent 

W1 
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For a l l   t h e  configurations  tested, the entrance mea and the 
widthto-depth  ratio were held  constant at 0.667 square feet  and 
3.8, respectively. The l i p  shape, as shown in figure 6, was the 
same for  all configurations. The distribution of ramp shape was 
fixed; that is, at  any station, given in percent of the t o t a l  length, 
the ra t io  of the ordinate t o  the maximum ordinate w a s  constant. T!b 
shape distribution was related t o  the divergence in that the maximum 
ordinate was taken  as the percent divergence, thus  the  ordinates for 
any divergence w i l l  be a constant  percentage of the  ordinates f o r  
100;percent  divergence. 

For the  series of plan forms shown i n  figure 4, the divergence 
was held  constant at 91.7 percent, and the ramp length w a s  varied 
such that ramp angles of 50t 70, and +1/2O were obtaFned. These p~ 
forms, referred  to  herein as the standard curved-diverging r a m p  plan 
forms, have the same plan form as the  curved4lverging ramp plan 
forms found t o  be satisfactory at small scale  (reference 1). For the 
series of plan forms shown in figure 5,  the  ramp angle wa6 held  constant 
at 70, and the divergence w a s  varied from 0 percent (parallel   walls)   to 
a maximm of 98.7 percent. 

Deflectors were constructed for the 7“ and +1/2O ramps w i t h  
standard divergence. The deflector  coordinates  are shuwn i n  
figure 8. The design of the deflectors was based on shapes found 
t o  be satisfactory from t es t s  on a sU1”scd.e model. (See 
reference 3. ) Views showing the deflectors installed on the model 
are Shawn in figure 9. 

The entrance station  (duct  station 1) was located 6-1/2 inches 
a f t  of the submerged-lip leading edge. The duct was of constant 
area from a station 3-l/2 fnches forward t o  a station 3 inches a f t  
of the  entrance  station. The pressure  recovery was measured at the 
entrance station by 162 equally spaced tota1”pressu-e  tubes and 25 
static-pressure  tubes. (See fig.  10.) 

The rake used t o  measure pressure recovery a t  an assumed cow 
pressor  inlet of the Je t  engim (duct  station 2) contained 96 equally 
spaced total-ressure tubes and 40 static-pressure  tubes. The ra t io  
of duct area at this compressor station t o  area at the  entrance w a s  
1.52. 

Totalipressure rakes were used t o  measure boundary-layer 
thickness on %he basic  fuselage. The basic fuselage contours were 
obtained by replacing the ramp and entrance by a f i l l e r  block. The 
basic  fuselage w i t h  the boundary-layer rakes installed is shown i n  
figure ll. 
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Statio pres~ure distributions  along  the ramp and over  the  lip 
contours  were  obtained  by means of flush  orifices  located along the 
center line of the  ramp and center  line  of  the  lip  inner and outer 
surfaces.  (See  fig. 6 f o r  lip  orifice statim.) Additional  static 
pressure  distributions  over  the lip inner and outer  surfaces  were 
obtained  with similar flush  orifices  located 25 percent  of  the  duct 
width (4-3/4 in. ) from  the  center l ine  of  the  duct. 

Total-pressure  tubes,  used in obtaining  ram  recovery,  were 
conneated  to an integrating  water-in-glass  manometer  which  provided 
an arithmetic mean value of loss of total  pressure.  Individual  tube 
readings of this integrating manometer and all  other  manometers  were 
recorded  photographically. 

The internal-flow  system  included an axial-flaw fan which was 
necessary  to  provide  the  desire8 range of inlet-velocity  ratios. 
Flow control w a s  obtained  by varying the  speed and direction of 
rotation of the  motors. The quantity of internal  air flaw w a s  
computed fromthe readings of 20 equally spaced  total-pressure  tubes 
and 8 staticpressure  tubes at. the a b .  outlet. 

In order to  evaluate  the  effect of entrance  conditions on the 
duct  losses, the internal  duct  efficiency was determined  prior to 
installation of the  duct in the  model. An entrance nozzle was 
attached to the  duct  entrance in place of the  ramp and l i p  to asaure 
satisfaotory flaw conditions  at  the  entrance. The pressure losses 
were  measured  at an assumed compressor  inlet  (duct  station 2), using 
the  rake  employed to measure pressure  recovery  at  that  station  during 
the  'tunnel  tests. 

The  aerodynamic  characteristics of the  standard cmd-diverging 
ramp  configurations,  with anB without  deflectors,  and  of  the 7O ramp 
with no divergence  were  determined for a large number of flight 
conditions.  Data.which  included  pressur-recovery  characteristics 
at,the entrance and at  the  assumed  compressor  inlet, and pressure 
distribution  over  the ramp and 1Lp surfaces  were  obtained  for an 
inlet-velocity-ratio range of 0.2 to 1.6 and an -1-f-attack 
range of -2O to go. These data were obtained  at  free-stream  veloci- 
ties of approxinmtely ll0, 160, and 225 miles per  hour  to  illustrate 
the  effects of Reynolds number.  The  entrance rake was removed from 
the  duct during measurements of pressure recovery at duct  station 2. 
Drag  measurements were made to  determine the incremental drag result- 
from  the  installation of deflectors. 

. .- 
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The effect of vary- the  divergence of the  7' ramp w a s  deter- 
mined by making pressure-recovery  measurements  at  the  entrance 
station throughout an inlet-velocity-ratio F g e  of 0.2 to 1.6 with 
the airglane at  constest angle of attack (-2 ) and with 8 constant 
airstream velocity of la miles  per  hour. 

The  effeut of a  thickened  boundary  layer on the p r e e s w c o v e r y  
aharacteristics measured at  duct station 2 was investigated by thickening 
the b o w  layer by means of a quarter-inch  cotton  rope  wrapped 
around the  fuselage,& station 27. The boundary-layer  thtckness was 
determined on the basic  fuselage  at station 158.25. Boundary"Layer 
measurements were made for both the normal and the  thickened boundary- 
layer  conditions. 

Reduction of D a t a  

Throughout  this report the pressureqecovery values considered 
are those  obtained fromthe arithmetic average of the  total  pressures 
Fndicated by the  various tubes. As shown in  reference 1, such  values 
are not  exact since the true pressure  recovery  is also a function of 
the maas flow at each point. For the  subject  tests  the  pressure- 
recovery values obtained by using the arithmetic  average  readings 
were  lower than t'he d u e s  obtained by weighted  integration of the 
total pressures, the  average  deviation for 8 seriee of conditions 
chosen at  random being of the  order of 2 percent wlth the maximum 
deviation  being 5 percent. Since the arithmetic  average  values of 
pressure  recovery -re conservative and their use in making compari- 
sons and shawing trends  introduced only minor errorsy it was felt 
that the additional work required for  the  more  exact reduction of the 
data was not  justified. 

Measurements  of  entrance rmwrecovery ratio  at  inlet"ve1ocity 
ratios below 0.4 were characterized by wide fluctuations;  therefore, 
values obtained at these low inlet"ve1ocity  ratios are not usable. 
It is  not known to what  exkent  these  fluctuations may have been 
mused by the  entrance  characteristics  or by the internal  duct 
characteristics. Similar fluctuations  were  not  observed during the 
small-cab t e s t s  (rsferencea 1 and 2) indicating  that  the  disturb- 
8nce was caused by a poor  characteristfc of the  ducting system, such 
8s the sudden expansion of the sir as it entered the blower or 
pulsation of flow reeulting from inadequate  control of ths flow 
velocity  at low inlet-velocity  ratios.  Since p r e s s ~ e  recovery after 
diffusion  did  not show these  fluctuations at low inleGvelocity 
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Pressure-Aecovery  Characteristics 

Effect of inle"ve1ocity  ratio on Dresaure recoverv  at  conetant 
angle of attack.- The variation of entrance  ram--recovery  ratios 
with inlekelocitg ratio  is shown in figures =(a) and (b) fo r  all 
rampconfiguratFons  tested.  .For  clarity  of  presentation,  the  test 
points  were  omitted  from  figure U ( b )  and the exact values are  given 
in table I. All data presented  were  obtained  at a free+itream 
velocity  of  approximately la m i l e s  per bur and  at  the angle of 
attack, -2O, for  zero  lift.  The  data  at  other  free"streeam  velocitiee 
are  not  presented  because  of the close  agreement  with  the  data 
presented. . . . "  

It may be  noted from figures  =(a) and (b) that  changes  of 
ramp  angle  and  ramp  divergence  had only  a minor effect on the 
magnitude of the maxFmum ram  recovery  at  the  entrance  station The 
main  effect of increasing  the ramp divergence w i t h  a fixed ramp angle 
(fig. l2(b)) was  to  decrease  the pressure recovery at Met-velocity 
ratios  above 0.95 asd to increase the pressure recovery  at  inlet - 
velocity  ratios below 0.75, resultm in a ohange of inlet+velocitg 
ratio  at  which  the ram recovery W ~ B  a maximum. For example,  the 
inlet-velocity  ratio  for maximum rerecovery ratio  was 0.50 for 
the 70 ramp  with 98.7'ercen-L divergence  compared  to 1.60 for  the 7 O  
ramp with no divergence. Increasing ramp angle similarly  changed 
the  inletvelocity  ratio for maximum ram recovery, but to a 
considerably  lesser  extent. As w i l l  be  diacussed  later,  this  change 
of Fnlet-velocity  ratio  for  maximum ram recovery  at  the  entrance 
station is of importance with regard to  the maximum r a m  recovery 
at the assumed compressor  inlet (duct station 2). 

Aside from the effect of the ramp configuration  on  the maximum 
r-recovery  characteristics  at  the  entrance,  there  is also an 
effect of the  ramp  configuration on the  variation  of  ram  recovery 
with  Fnlet-velocity  ratio.  Increasing  the  divergence  reduced  the 
variation  of rwecovery ratio  with  inlet-velocity  ratio  over a 
representative  portion o f  the inlet-velocity-ratio range (0.4 to 1.6). 
The  variation  of  ran+recovery  ratio was reduced from 0.16 for  the 
7' ramp  with no, divergence  to 0.04 for  the 7 O  ramp  with hercent 
divergence.  Further  increase of divergence  did  not  result in any 

c 
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appreciable  change  in  the  variation. 

The  variation of m e c o v e r y  ratio  measured  at the assumed 
campressor  station  (duct  etation 2) with  inlet”velocity  ratio  is 
presented  in  figure 13 for  the 5’, 70, and 9-1/2’ ramps with  standard 
divergence and fo r  the 70 mmg wlth no divergence. A coqarison 
of figures 12 and 13 illustrates  that  the  effect of the  diffuser on 
pressure  recovery of the divergent-type  entrances was to reduce  the 
maximum r-ecovery r a t f o  by 0.02 and to  change  the  inlet”velocitg 
ratio  for maximum recovery by only a negligible  amount. However, 
with  the  parallel-sided  entrance,  the  difftlser  reduced  the nsxirmmt 
rsecovery ratio by 0.09 ehnd changed  the  inlet-veloc2ty  ratio  for 
maxim recovery from 1.6 to 0.8. Thus,  with  the  maximum r e  
recovery  ratio of the same magnftude at the  entrance  station  for 
the  two  different ramg plan forms having the same ramg angle ( 7 0 )  , 
the  divergent-type  entrance had the  advantage of a higher maxFrmun 
rarpr.ecovery  ratio  after  diffusion. 

This advantage of higher  over-  system  efficiency  is  attribu- 
table  to  the  lower  fnlet-velocity  ratio  at  which  the  entrance ran+ 
recovery  ratio for the  divergent4y-p  inlet  is a maximum asd the 
consequent  lower  internal  duct losses. As shown in figure 14, the 
fnternal  duct losses were a constant  percentage of the  entrance 
dynamic  pressure. In addition, as shown in  figure 15, the  entrance 
conditions had only a m i n o r  effect on the  internal  duct  efficiency. 
As E result,  the  duct losses in term of  freg-stream dpmic pressure 
vary  directly as the square of the  inlet-velocity  ratio.  The  internal 
duct  losses  at maximum recovery  were,  therefore, greater for  the 
paralle1”sided  inlet  than  for  the  divergent”type inlet. This point 
is  illustrated in figure 16. With a duct having an internal duct 
efficiency of 91 percent,  such  as was used on the  test  installation, 
the  system using the  paralled”sided  inlet at the  inle*elocity 
ratio  for maximum entrance r e  recovery (1.6) incurs  the high triter- 

’ nal duct losses associated  with  high  inlet-lrelocity  ratios.  However, 
the  use of the  divergent-type  inlet  with  high  pressure  recovery& 
low inlet-velocity  ratios,  where  internal  duct  losses are much 
smaller, enables the o v e d l  syetem efficiency  to be higher  at an 
inlet-velociw ratio of 0.9 or less. With less efficient  ducts, 
such  as are likely to be  used,  the  advantage of the divergenttype 
W e t s  would  be  greater. 

It should be noted that  the  comparisons of the maxFmum recovery 
values were made without  regard  to  the  fact  that  they  occurred  at 
different  quantities of f l o w .  From a design  standpoint,  however, 
co~parisona should  be  msde  wlth  the same rate of flow at  the 
compressor. The results of duct  tests  (reference 4) indicate  that 
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the  efficiency of the  duct  used  for  the  subject  teats  approaches  the 
maximum  that can be expected  for a diffusing  duct  with  high  rates  of 
flow. An increase of the  diffusion  in  the  ducting  system of the 
parallelaided  inlet would be  required  to make the  paralle1”sided 
inlet  operate  at an inlet-velocity  ratio  for maximum entrance  ram 
recovery and  at  the same time  have a f low rate  at  the  compressor 
equal to  that of the dlvergentetype  inlet  operating  at an inlet-  
velocity  ratio  for maxfmum entrance  ram  recovery.  It follows that 
this  new  duct  would  Incur  greater  loares  and  would make the  system 
us- a parallel-sided  Inlet  have even greater  losses  than  presently 
shown. 

Effect of aanle of attack on measure recoven.- The variation 
of ram  recovery  with angle of attack is presented in figure 17 and 
tables II and 111. There was a small variation.of rerecovery ratio 
with  angle of attack  throughout  the inveatig&ted.inletqelocity“ratio 
range. Two representative  values of lift  coefficient  were CL = 0 
at 4 O  angle of. attack  and CL = 0.93 at go angle  of  attack. 

Effect  of  deflectors.- It is shown in figure 18 that  the  effect 
of  adding  deflectors  to  the  divergent-type  intakes  was  to  increase 
the maximum rawrecovery ratio  at  the  entrance  by 0.04 (from 0.92 to 
0.96 for  the 70 ramp  and 0 .gl to 0.95 for  the +1/2O rap) and to 
increase  the  Inlet-velocity  ratio  at which maximum  recovery  was 
obtained.  The  increased  duct losses associated  with  the  higher 
inlet-velocity  ratio  resulted h t h e  deflectors  effecting only a 
0.01 increase  of roaximm ranrrecovery  ratio  (from 0.91 to 0.92 for 
the  divergent ramps ) at  duct  station 2. The  addition  of  deflectors 
also resulted in an increase in ranrrecovery  ratio for inlet-velocity 
ratios  from  approximately 0.55 to 1.40, the maximum increase  for 
both  ramps  being 0.08 and  occurring  at an inlet-velocity  ratio of 
0.90 for  the 7 O  ramp and 0.75 for  the 9-1/2O ramp. 

In contemplating the use of deflectors,  the  increase in ram 
recovery and consequent  increase in thrust  output  must be weighed 
agaimt the  increased extend. drag that may be caused by deflectors. 
The  deflectors, shown in figure 9, form a protrusion on the  fuselage 
and cause  additional  external  drag  as shown in figure 19. (By use 
of the blower, the  internal  drag,  as  defined in reference 5, was held 
constant  at a given  inlet-velocity  ratio  for  each  configuration.) 

The calculated  effect of these  deflectors on the  propulsive 
thrust of an airplane using two similarly located  submerged  inlets 
to supply air  to a turbojet  engine  is shown in  the following table: 

. 



I Airplane speed 
a t  sea level 

Inlet"Ve1ocity r a t i o  
I I 

I Increase in drag 
Jet  thrust  available 

Increase in jet thrust 
Jet  thrust  available . a 3  .02g ,040 

I Thrust gain-drag increase 
Je t  thrust available 

500 I 550 

0.670 

.167 

035 

-. 132 
a he method of cetlcatFng  the  effect of deflectors on the net- thrust 
is presented in Appendix A and reference 6, As a h p  in  the preceding 
table, the use of deflectors on t h i s  type of instal la t ion would result  
in a decrease of propulsive thrust a+ a l l  probehle velocities of an 
sirplane using the present admerged inlets .  

Effect of increased boa--layer thickness.- The distribution 
of ram recovery in  the normal boundary layer and the  thickened 
boundary layer is Shawn in figure 20. The reduction of -ecovery 
r a t i o  a t   the  sssumsd compressor in le t  caused by the thicken- of 
the boundary layer is sham in figure 21. It would be  expected that 
approximately the same reduction of r a m  recovery vould be measured 
at  the  entrance  station,  for, as shown previously, changes i n  pressure 
recovery a t   t he  entrance had very l l t t l e   e f f e c t  on the  internal duct 
efficiency. 

Calculations  indicate that the use of the  empirical  equation 

'a and b  represent two different boundary-mr conditions, and 
h is defined as a height of an area of unit width i n  which the 
complete loss of free-stream ram pressure is equivalent to   the 
integrated loss of t o t a l  pressure in unit width of the boundary 
layer,  or " 



w i l l  give a ffrst approxinrstlan of the chcLnge in pressure  recovery 
due to  thickeniw of the boundary hpr .  The values of 9 for  the 
normal and  thickened boundary layers  are 0.078 and 0.104,, reepectively. 
A cork~penisan of the calculated und aaeasured changes in -ecoverg 
ratio cnueed by thicken t b  boundary l8yer is given i n  the 
f ol.lowLng table for the ramg with standard divergence : 

Calculated Measured 

.027 
1.0 -026 -026 

It is felt t&t the change in boundary-;lsyer thickness produce 
would be the maximan that would result from manufacturing irregulari- 
ties;  therefore, for entrance locations and 'Isody shapes similar to 
the present model, the effeot of manufacturing  irregularities on 
pressure recovery  is of secondary txuporfance. 

Caqariaon with'emall-ecale  results.- The similarity of the 
pressur-covery characteristics  measured at the submerged  entrance 
of the full-scale model with those measured on the amiLl~cele mdel 
(reference 1) can be Been in figure 22. Although  the  values of rank 
recovery  ratio  obtained with the full-scale model are approximately 
5 percent  higher than those obtained with  the  amsll-ecale  model,  the 
variation of pressure recovery  with inlet-velocity rutio and with 
configuration  changes are very  similar. Part of the increased 
pressure  recovery messured with the full-scale model is due to the 
smdler boundary-layer thickness  relative to the duct  depth. (The 
values of Qor the =-male model and amau-ecale model were 
0.078 and 0. , respectively,  accounting for 3 . k  percent of the 
increase in pressure recovery.). The remaining portion can probably 
be accounted for by difference8 of loss distrtbution in the boundary 
layers of the two models. (See fig. 20. ) 

Pressure Distribution and Critical Msch Nmiber 

Estixmtione of the critical Mach nmiber characteristics of the 
various par ts  of the submerged  entrances were made from the peak 
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negative  pressure  coefficients  using the E k m a n J h  ien method. 
(See reference 7. ) Although this method is not entirely  applicable 
t o  three4imsnsionaI flow, it is believed that estimations of c r i t i ca l  
Mach  number using this method are conservative. Furthermore, it is 
shown i n  reference 5 that with,a submerged inlet Fnstallation on a 
model of a fighter airplane, Mach n&ers as  mch as 0.055.higher 
than the maximum es t imted   c r i t i ca l  Mach n&er of this report were 
reached without  seriously  affecting the pressure  recovery  or  the drag. 

8 8  

%.- Pressure  distribution over t h e   l i p  inner and outer  surfaces 
are presented in  figure 23 and tables IV, V, VI, asd VII. The varia- 
tion of predicted c r i t i c a l  Msch rider with  inlet-velocity  ratio at 
the  center line of the l ip   ( f ig .  24) indicates that the predicted 
c r i t i c a l  Mach  number characteristics are very similar to those  obtained 
on the small-scale models even though minor differences of l i p  contour 
existed. As w a s  noted  previously  (reference l), the ramg angle has a 
large effect on the angle of flaw approaching the l ip .  For t h e   l i p  
tested,  increasing  the ramp angle increased the maximum c r i t i c a l  Mach 
number of the l ip .  It is possfble that varying the l i p  incidence 
would  have *creased the maximum c r i t i ca l  Mebch nurdber with  the lower 
rang angles without adversely  affecting the pressure recovery. 

Static  pressure  distribution measured over the inner and outer 
surface at a distance of 25 percent of the duct w i d t h  on either side 
of the l i p  center  line  indicated  critical Mach nunibers very similar 
to those obtained at the l i p  center  line and are, therefore, not 
presented. 

Ramp.- Pressure  distribution alojng the  center line of the ramp 
is presented in figure 25 for  one inlet-velocity r a t io ,  0.74. As 
may be noted, the peak negat ive  pressure  coefficient occurs at the 
beginning of the ramp. The msasurements at other  inlet-velocity 
ratios showed that this pressure w a s  independent of inlet-velocity 
ra t io .  With a constant  curvature at the beginning of the ramp, the 
magnitude of this peak pressure is Fnfluenced by both the ramp angle 
ELnd the basic  fuselage pressure field.  Increming  the ramp angle 
increases the difference between the peak pressure and the basic 
fuselage s t a t i c  pressure at the beginning of the ramp. However, if 
the smaller ramp angle  with its attendant  longer ramp results in 
the beginning of the . r m  being located in a region of higher 
velocities, as w a s  the case w i t h  the 9 ramp, any gain in c r i t i ca l  
Mach rider reasonably expected by uaing a smaller ramp angle may be 
nullified. This effect on the c r i t i ca l  Mach m e r  is shown in the 
following table : 
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1 Configuration I *cr I 
5' ramp,  standard  divergence 0.77 

7' raq, standard  divergence 

9-1/2" ramp, standard  divergence 

.82 

.82 To raq, no divergence 

.78 

An experimental  investigation  at  large  scale of certain  comfigu- 
ratton  changes and paranmeters  affect-  the  characteristics of NACA 
submerged  inlets  indicates  that  the data obtained  at large scale  are 
similar to the data  obtafned at FlmR.11 scale  in  the  following  respects: 

1. There was good  recovery of the fie-tream ram  pressure 
(the maximum pressure  recovery at the  entrance  being 92 percent  for 
the full-scale inlet  without  deflectors). 

2. The  variation of the  entrance  pressure  recovery  with  both 
fn2et"velocity  ratio etnd angle of attack m a  small. 

3 .  The maximum value of entrance  pressure  recovery waa 
essentially  unaffected  by  changes of rsmprall divergence. 

4. Increasing the rampuall divergence  decreased the inlet- 
velooity  ratio  for  maximum  entrance  pressure  recovery,  resulting in 
a higher maximum recovery  after  diffusion  for  the  atandsrd  curved- 
divergent ramp than for the  parallel-walled ramp. 
These  similarities  indicate  that  the  data  obtained at a m a l l  scale 
are  satisfactory  for des- purposes. 

The larg-cale and small-ecale  resulte  disagreed fn the actual 
magnitude  of  the  pressure  recoveries;  the  large-acale d u e s  were 
generally about 5 percent  higher. Of this amount, 3 percent was 
accounted  for by a simple  approximation  which  considered  the  effects 
on pressure  recovery of the  difference in boundary-layer  thickness 
between  the two models. 

It m a  noted  that  deflectore mre also effective  at  large  scale 
in increasing  the pressure recovery.  Calculations  indicated,that 
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the  associated  external drag increase  due  to the deflectors out- 
weighed  the  favorable  effect  of  the  increased  pressure  recovery. 

Ames  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Moffett  Field,  Calif. 

Calculation  of  the  Effect of Deflectors on 
the  Net  Thrust of Airplane 

Calculations  were based on the  assumption  that an airplane of 
275 square  feet  wing  area  was fly- at  sea  level and twFn  submerged 
air  intakes  with 7" stanilR.rd  curvediiivergent ramps were  supplying 
air  to a turbojet engine. The  turbojet eqine used'in  these  calculations 
had a military  rated  thrust  of 3OOO pounds at  sea-level  static  condition 
which  required an air flow of 52 pounds per  second. The effect of 
changes  of  pressure  recovery on the  net  thruat  was  calculated f r o m  
-data  presented in reference 6. 

It was determined  that  changes of angle of attack to produce 
lift  coefficients  necessary to maintain  flight  had  negligible  effects 
on the  increment of drag  caused by the  deflectors.  Therefore,  for 
this  analysis  It  was assumed that  the drag increment  varied  with 
Fnlet-velocity  ratio as shown in figure 19 for  the  var'ious assumed 
flight speeds. 

1. Mossman, Exmet A . ,  and R-1, h u m s  M. : An Experimental 
Investigation  of  the Design Variables  for NACA Submerged 
Duct  Entrances. NACA RM No. A7I3O, 1948. 

2. Frick,  Charles W., Davis,  Wallace F., Rand811,  Lauros M., and 
Mossman, Emmst  A. : An Experimental  Investigation  of NclcA 
Submerged-Duct  Entrances. RACA ACR No. 5I20, 1945. 
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3. Delaney, noel K.:  An Investigation of Submrged A i r  Inlet8 on 
a 1/4-6cde Model of a mica1 F i g h t e m  Airplane. HACA 
RM 100. A8A20, 1948. 

4. Patteram, G. B.: Madern Diffuaer Design. Aircraft Engineering. 
vol. 10, no. 115, Sept. 1938, pp. 2 6 7 4 7 3 .  

5. Hall, cbsrlea F. , and Barclay, F. Dorn: An Expxrimsntal Invest€-- 
gation of XACA Submsrged Inlets at  High Subsonic SpeelLB. I - 
Inlets Forward of the W i n g  Leading Edge. UCA RM no. ~ & ~ 1 6 ,  
1948. 

6. Hasson, Frederick E., Jr., and Mossman, Emmt A.: Effect of 
Pressure Recovery on the Performance of a Jet4ropelled Airplane. 
l'i4CA TN No. 1695, 1948. 

7. TOP E&u&, Th.: Conrpreseibility Effect13 in Aerodynamics. Jour. 
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TABU In.- Concluded. 
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22 

l i p  lead- 

"$izy 0.54 0.61 0.67  0.74  0.87 1.00 1.20 1.40 
1 0.00 0.67  0.82 - - 0.9 LOO 0.90  0.61 0.05 
1 .03 

9 25 -. 61 -.39 -. 02 0 %  -54 976 -93 
9 50 -. 75 -. 57 -.29 -.01 .lg .41 .Q 
1.00 -.67 -.55 - - -. 36 -27 -.02 .14 .31 
=1.y -.% -.45 - - -. 31 -.17 -.07 .06 .lg 
l2.50 -.30 -.29 - - - e 2 0  - e l l  -.Ob -04 .E 
l5.00 "14 -.n - - "06 -. O2 .01 .04 .og 
7.50 -.07 -.05 - - -. 02 .01 .02 .05 .o8 
.10 * 9 8  093 -- 

0 -  .34 -.E -.8g -1.99 

* 5 0  .a .5g - - .27 -.lg -.68 -1.42 -2.42 
=1.00 .y3 .45 - - .15 -.28 -. 'j2 -1.37 -2.24 
21.50 .48 .40 " .lo -.31 -.n -1.9 -2.17 
'2.50 -46 e39 - - .II -.26 -.e -1.21 -1.88 
*5.00 -.07 "39 -.88 -1.50 
27. 50 

.10 -. 20 - - .40 -88 .g8 1.00 
1 
I 

- - - - 

1 

.25 .a4 .m " .45 -.02 -.% -1.36 4.50 

I 1% I 1;; I 1: I 1;; I .13 I "13 I -.52 -1.03 
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.lo 
25 

a 5 0  

1.00 
1- 50 
2.50 

25. 00 
7- 50 

2 
2 

2 
2 
2 

2 

T 
t 
" 

Outside Contour 
Inaide i on tour 

0.61 

0--irs -. 05 -. 49 -. 68 
-- 65 
-* 55 -. 36 -. 18 -. 13 

93 
-75 
0 5 9  - 49 
43 
.42 
.46 
-58 

0.74 

0- 97 
35 

-* w 
-0 37 -. 45 
-e 40 -. 27 -. I 2  
-0 10 

57 
.40 
27 
.14 
09 
.10 
.22 
9 39 

- 

- 

- 

- 
0.87 

1-00 
.a 
.26 -. 10 

-*27 -. 27 -. 19 -. 10 -. 08 
37 -. 01 -. 19 -. 28 

-* 33 -. 28 -. 08 
13 

1.00 

1.00 
.84 
47 .ll -. ll -. 15 -. 12 -. 07 -. 05 

-. 08 -. 49 -. 64 
-0 69 
-* 73- -. 63 -. 30 -. 12 

1.20 

0.67 
99 
.02 
36 
.08 

-. 02 -. 02 -. 01 
-. 85 
-1.31 
-1.40 
-1.36 
-1.34 
-1.21 -. 07 -. 51 

- 

" 

T 1.40 
0.12 
1.00 
91 
57 
25 
13 
07 .02 
" 

-1.94 
a 4 6  
4.40 
42.25 
4.17 
-1.95 
-1. !zL 
-1.03 



24 - 
TABLE IT.- Conuluded. 

NhCA RM No. A-1 

- 

a = 2O 
Distancle 

l i p  lead" 

i?t:? 1.20 1.40 1.00 0.87 0.74 0.67 0.63. 0.54 

'0.00 0.n 0.79 - - 0.68 0.16 0.94 1.00 0.97 

aft of 1det"Velwity ~ a t ~ o ,  V~ /v, 

-10 - - -.06 -.I9 1 
1 

-33 .97 1.00 .8o .62 
.25 -. 6 

-.u "01 -.20 ".27 -. 36 - - "44 -.47 l2.50 
- - .18 "20 -.34 -0% 

- - -.p -.80 =Loo 
87 .68 -41 .18 -.14 - - -. 51 

l5.00 -.27  -.25 - - -.22 -.18 
-.E -.a -.14 -.I6 -. 18 - - -.21 -.22 l7.50 
-.u -.05 -.16 

097 -93 - - .E -38 -.03 -A3 4.88 
25 .80 

-1.40 4.28 -.€io -.18 .25 " .a .64 -50 
-1.24 -2.41 -a45 a 0 1  a 4 3  " .74 

1.00 .50 .43 - - .E -.28 --e -1.9 4 . 2 1  
1.50 .44 .37 " 

-. 86 -1.47 -. 34 "06 .E - - .46 25.00 
-1.21 -1.93 -.% -.2g .10 - - .37 043 22.50 
-1.33 -2.13 -.66 -.31 .o8 

7.50 .62 .5T " .37 .13 -.og -.51 -1.00 ' 

a50 29 51  .03 -.18 -.44 - - - a 8 4  

'1.50 -.Og . 06 -.24 -. 34 -. 48 - - -.61 -.68 

.10 
2 
2 
2 
2 

2 

k 

Outside Ucmtour 
Ineide Contour 2 

L 

I 

." 



Distance 
aft of 
lip lead- 
ing cage 
(in. 1 
=0.00 ' .10 
= -50 
L o o  
11.50 
1.2.50 

l7.50 

.25 

'5.00 

.10 
025 
0 5 0  

21-00 
21. 50 
22.53 
25.00 
*7= 50 

2 

T 
0.61 

0.94 
34 -. 05 

-0 30 
-= 37 
-* 31 -. 21 -. 05 
-0 02 

.& 
0 6 0  

45 
35 

-32 . 67 
47 
55 

0.67 

0.99 - 49 
.10 -. 19 -. 29 

-.26 -. 16 -. 04 -. 01 
= 7 3  .44 
30 
.21 
19 . 22 
37 
45 

- 

0.74 

0.92 
.61 
23 -. 08 

"0 21 -. 21 

- 

-. 13 -. 05 

.56 
27 .I" 
.04 
03 
.04 
0 25 
34 

" 

- 
0.87 

0.95 
-84 . 47 
.14 -. 06 -. 08 -. 06 -. 01 
.01 

.16 
-0 19 -. 30 -. 34 -. 34 
-= 25 -. 03 

- 

.10 

1. w 
0.80 
95 

= 6 9  
34 
-09 
-02 
0 0 2  

03 
0 03 

-. 34 -. 81 -. 80 
-0 77 
-0 75 -. 63 -. 34 -. 16 

1.20 

0.34 
1.00 
-89 
57 
.28 
.16 .ll 
.l2 
07 

-1.32 
-1.74 
-1. @ 
"1.55 
-1.47 
-1.20 -. 87 -. 63 

1.40 

-. 29 
95 

9 9 8  

= ? 3  
34 
29 

.98 

4.85 
4.65 

-1.85 

-1.13 

.20 

.E 

-2.42 

4.26 
-2.14 

-1.43 
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TABLE V. - Continued. 

I a = O  0 . I  

1.20 

0.44 
1.00 

85 
-50 
.20 
09 
05 .02 -. 01 

1.40 

-1.19 
"1.63 
-1.60 
-1.48 
-1.41 
-1.14 -. 83 

-0 59 

4.31 
4.77 
4.58 
-2.27 -2.12 
-1. &2 
-1.40 
-1.10 

. .. 
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'pABI;E V.- Cmcluded. 

I a = 2O 1 
lip lead- 
ing edge 

' 

(in.) 0.54 0.61 0.67 

lo.oo 

-.32 -. 37 - - 12.50 
-.43 "49 - - 11.50 
-.45 -. 55 - - 11.00 
-.33 -.46 " 1.50 
-.03 -.18 - - .25 
.k .26 - - = .10 0-98 0.93 - - 

17.50 - - -.lg -. 18 "5.00 -.z -.23 - - 

.42 
-32 
30 

1 *33 
.46 
53 

-69 
43 
*2'1 
.18 
15 
.20 
35 
43 

~ 1.00 0.97 

.14 .38 -. 20 
-.20 -. 35 .02 

"16 -.20 
"20 -.27 
-.24 -. 35 

-.17 -a5 

0 5 8  0 7 7  

-. 01 

1.00 

0 9 8  99 i 0 9 2  

-.17 0.43 0.83 I 
1.40 1.20 

' 0 6 0  .22 94 .82 

-.06 -. 10 -.E -.w -.08 ~ -.ll 
07 -.03 -.E 
15 .02 -.E 

* 3 l  13 -. 04 
.64 45 

-. 31 
-m 71 
-* 79 
-* 77 -. 74 -. 6 l  -. 31 -. 15 

(fE 
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2 
2 
2 
2 
2 

.10 
25 
50 

1.00 
1-50 
22. 50 

. 25.00 
2 70% 

a = -EO 
T 

- 
0.54 

0.98 
50 
.11 -. 16 -. 26 -. 24 -. 15 -. 04 -. 01 
-75 
53 
.41 
35 
35 
.41 
55 
63 - 

Inlet4velo~ity Ratio, vJvo 

0.61 

1.00 .& 
25 -. 05 -. 19 -. 18 -. 11 -. 03 
.01 

.62 
38 
25 

.21 

..21 

.28 .44 
53 

0.67 

1.00 
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37 
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-. 02 
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07 
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97 
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20 
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~~ 
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-1.25 
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1.40 

-0 92 
.8e 
1.00 .84 
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.40 
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17 

.12 

" 

" 

" -2.48 
42.19 
-1.9 
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-1. el 

1 1 

L 
Outside C o n t o u r  
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TABLE VI.- Continued. 

aft of 
lip lead- 
ing edge 
( in. 1 0.54 

i0.00 .10 0.98 045 
25 05 
.50 -.24 

l1.00 -.35 
=1.3 -.32 

l5.00 -.E 

1 
1 

'2.50 -.23 

7.50  -.08 
.10 = 7 5  
25 53 

a 5 0  .41 
21. 00 35 
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2-50 .41 
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1 

2 

2 
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0.61 

1.00 
0 5 8  
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-. 07 
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-. 11 

0.67 
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.@ 
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- 
0.74 - 
0.98 

-78 
43 .08 -. 12 -. 15 -. 11 -. 07 -. 05 
33 
03 -. 08 -. 10 -. 00 
.01 
.21 
33 

- 

- 
0.87 

0.88 
98 .64 
29 
.04 -. 03 -. 03 -. 03 -. 03 
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-. I 2  

-. 04 
.10 

1.00 

0.71 - 99 
77 
42 
15 
.06 
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1.20 1.40 
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TABLE VI.- Concluded. 

Inlet4eloaity Ratio, Vlfio 
Dlstasce 
aft of 
lip lead- 
ing edge 
(in.) 1.40 1.20 1.00 0.87 0.74 0.67 0.61 0.54 

0.00 0.99 1.00 1.00 0.98 0.88 

.81 .62 .4o .23 . .02 -.OB -.18 -.29 .50 
1.00 .g2 .76 .58  .38 .26  .16 .03 -25 
.82 099 .g8 .go .n .67 .58 .48 = .10 -0.98 0.09 0.64 

'2.50 -.32 -.26 .23 -.18 -.n -.03 9 07 .18 
'5.00 -,21 

-.02 -.05 -.09 -.u -.13 -.15 -.16 -.18 7.50 
-.02 -.07 -.11 -.14 -.17 -.18 

.10 .66 .57 .47 . 3 1  -.08 -. 60 -1.73 " 

25 .41 .31 .18 .01 -2.10 -1.05 -.43 
1.00 .26 .15 .03 -.11 -.44 -.92 -1.68 4.69 
1.50 .28 .16 .05 -.og -.40 -.84 

-2.15 -1.23 -.e -.28 .13 .24 .37 2.50 
-2.55 -1.50 

1 

1 
1 

'1.00 

.04 

31 .16 .01 -. 11 -.21 -.28 -. 33 -.42 '1.50 
.48 30 .I2 -.03 -.18 -.26 -.33 -e43 

1 

2 
2 
2 
2 
2 
2 

" 

50 " -1.94 -1.03 * -.48 -.lo .07 .r8 .28 

25.00 -1.65 -.86 -.34 
120; I -.O2 .32 .41 .53 2 7- 50 -1.34 -.& -.17 .30 .11 .39 .46 .58 - 

loutside Contour 

21nside Contour 

A 

T ." 
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D i  8 tance 
af t  of JDbtCVelocity Ratio, V,/Vo 
lip lead- 
1% gage 
(in.) 1.00 0.87 0.74 0.67 0.61 0.54 1.20 1.40 

10.00 " -- 0.80 

-89 -68 .40 .ll -.25 -.43 - - " .25 
1-00 -96 .78 .54 -19 - a 0 1  - - " = .10 0.27 0.75 0.9 x.00 0.9 

'11.00 " " -.60 -.50 -.30 -.l3 .25 .06 
l2.50 " " -. 28 "27 -.17 -.Og .OO 

-07 .03 .02 -.01 -.04 -. 05 " " l7- 50 
- 09 0 0 2  --.E -.04 -.Og " 3 . l  " " '5.00 
.ll 

.10 " " -31 .a3 .53 .U 4 3  -1.63 

.go " " -51 -37 "02 -.48 -1.21 -2.14 
21.00 " " .34 .20 -.15 

-1.39 --.e -. 34 -. 07 -20 .30 " " "5.00 
-1.73 A.14 -.57 --.20 e l l  .24 " " 22. 50 
-1.97 -1.24 -.61 -.21 .13 .26 " " 21.50 
-2.03 -1.24 -38 

" .42 .33 .lo "18 -.59 -1.09 

.50 

.15 -.01 "15 -.28 -.42 "49 " " l1.50 

.55 .31 -06 -.lg -.48 -.62 - - " 

.25 "2.16 -1.U "30 -19 057 .71 " " 

27. 50 " 
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TABLE VI1.- Continued. 

I a = 00 I 



33 

a = 2O 

T Inletcvelocity Ratfo, VL f i 0  - 
0.61 

0 -71 -. 23 -. 70 -. 88 -. 82 -. 61 -. 46 -. 27 -. 22 
93 
73 
52 - 34 
-26 

- 

.22 
30 
.42 

- 
0.67 

0.82 -. 03 
-0 50 

- 

-. 72 -. 72 -. 61 -. 44 
-.e4 -. 19 
.88 . .64 
43 .26 . 18 
.16 
.24 
9 37 

- 

- 

- 
0.87 

1.00 
47 
01 -. 33 -. 45 -. 43 -. 32 -. 20 -. 16 
52 
.16 

-= 05 -. 19 -. 26 
-0 24 -. 09 

0 0 8  

- 

- 

- 
1.00 - 
0.98 
072 - 30 -. 07 -. 28 -. 29 -.22 -. 16 -. 14 
13 

-.30 -. 49 
-* 59 
-.64 -. 58 -. 34 -. 17 

- 

- 

I 1-20 
0.77 
93 
.60 
0 2 1  -. 06 -. 14 -. 13 -. 12 -. 12 

-. 63 
-1.13 
-1.25 
-1.26 
-1.28 
-1.17 -. 84 -. 61 - 

1.40 

0.35 
-99 
.81 
43 .II .oo -. 04 

-- o? -. og 
-1.53 
-2.10 
4.u 
4.02 
-1.98 
-1.73 
-1 37 
-1 . 07 
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inches 

figure 2. - Schemafie &awing showing general arrangement of full-sxk? model of fighter orplane 
with an NACA submerged air  intake  installed. - 
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figure 3.- Fuselage nose cwrdimres. 
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Ftqm 4. - Coardhafes of the  sfundard  curved- dv~wglng r a w  cmfigurdions fesfed on the f&-mle model. 
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figure 6- Detaik of the submerged /@. 





43 









47 

R 

R =OJ5 Y 

All dmemrms are in inches 

Fgure 8- Coordinafes of deflectors fesfed. 
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Figure 10 .- Pressure rake at the submerged 
entrance (dust station I). 
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.7 w 
0 .2 .4 -6 .8 /.O 1.2 /.4 1.6 /.8 2.0 

/n/d- velocity RatioJ $ 
b) Sfandad curved -dkrghg rmps 

figure 12.- The  variafion of enfrance  rum-recovery rafio with Mef- 
verbcify mfio for severd  enframe confipratbns, CI = Z 0  
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Figure i3-- The  vuriotion of ram-recovery ratio, measured after diffusion, uith  inlet- 

velocity , ratio  for severs/ entrance configurutions, - 
. I  . 

l 1 
I 

. .  . .. . .  . .. . . 



57 

figure. 14.- lnfernd ducf effkiency oktermined from a 
-bench test with entrance nozz/e insta/led. 
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o -95 ramp, sfandord  divergence 

0 - 5 O  romp, stundud divergence 
A - 7 O  ramp no divergence 
--- Bench test with. entrance mzzle 

I *  

- Q -7" ramp, standard divergence - 

- - 

.6 -8 /. 0 I, 2 1.4 I. 6 
VI Inlet - Veloclty Ratio, yo 

Figure 15.- Comparison of experhen  tal duct efficiencies 
for variws entrance configuraf ions, a =-ZP 



lsclcA RM No. A-1 59 
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-60 

a S O  

.40 
% I 

-2 .4 .6 .8 1.0 12 
Met- Vekity Ratio 5 

VO 

i.4 L6 

Figure /6.- Effect of  duct Ioss on ram-recovery ratio 
after diffusion, u =-2p 
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- 4  -2 0 2 4 6 8 lo 
Angle of Attack, ac, degrees 

Figure IZ-  Voriotion of ram-recovery ratio, measured 
after diffusion,  with angle of affack for various en- 
trance configumtions. 
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0 .2 .4 .6 .8 1.0 /.2 1.4  1.6 /.8 2.0 
Inlet - Velocity Ratio, % 

(a) 7" ramp,  standard  dhergence 

0 .2 4 .6 .8 1.0 /2 L4 1.6 L8  2.0 

(b] 96" rmp, standard  divergence. 
h/et - Vetocity Ratio, 

Figure 18. - The effed of deflectors on r&- recwety  ratio, a=2.O - 
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Figure 19.- The  increment of airplane drug  caused by the addition of E 
3 deflectors to the standard 7"ramp on  one side of the fuseloge, a"2P 
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Figure 20.- Comparison of ful-scale normal and thick - 
ened  boundary layer with the smalf-scale  boundary 
layer  measured  on  the basic fuselage at the entrance 
station, =-2 v 
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(b) 7Oromp, no divergence. 

Figure 21.- The variation of ram-recovery ratio,  measured after 
diffusion,  with  inlet-  veiocity ratio for two boundary-layer  condi- 
tions, Q =eao 
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s .80 
6? 
5 -70 
8 .60 
h .50 
5 -40 

0 .2 .4 .6 .8 1.0 12 1.4 1.6 
Inlet- Velocity Ratio, ' 

[a) 5" rampa  standard  divergence. (b) 7 O ramp,  standard  divergence . 

(c) 9; " ramp,  standard  divergence- (dl 7" r m ,  RO divergence. 

Figure 22.- Comparison of the  enfrance  rarn-recovery ratio of fhe full-scale 
model at a: = -2" with that of the snwll-sm/8 model  (reference I). 
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Figure 23. - The  pressure  distribution  over fhe center  line 
of the ltp at vdrious  inlet-  velocity ratios  for  the 7" 
standard  curve d - diverging  ramp, a = -2: 
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fib'ue 24.- Variath of criticd Mach number along the center lint? of the Lp with 
inlet velocity, o =-2.' - 
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